
The	  Future	  Ain’t	  What	  it	  Used	  to	  Be	  

Assessing	  Vulnerability	  to	  Climate	  Change	  

Bruce	  A.	  Stein,	  Ph.D.	  
Associate	  Director,	  

Wildlife	  ConservaCon	  and	  Global	  Warming	  

June	  21,	  2010	  



Climate Change is Unequivocal 
Observed Changes 

Global  Ave. Surface 
Temperature 

Global Ave. Sea Level  

Northern Hemisphere Snow 
Cover  

Last decade the warmest on record; 2009 2nd warmest year 



Atmospheric Carbon Dioxide 
Over last 10,000 years 



Sea Surface Temperature 
During Hurricane Season 



Ocean Acidification 



Arctic summer sea ice, Sept. 2007. Source: NASA 

Loss of Sea Ice 



Rising Sea Levels  

Blackwater National Wildlife Refuge  
Source: NWF SLAMM Projections 

Wye Island erosion 



Extreme Weather Events 

Hurricane Katrina 



Warming Waters 



Mountain Pine Beetle Damage, Colorado 
Photo: Allen L. Thornton 

Old Growth Tree Mortality 
van Mantgem et al. (2009)     

Ecosystem Disruptions 



Shifting plant hardiness zones 



Shifts in Flowering Time 

Average temperature at Thoreau’s Pond has increased by 
approximately 2.4° C since 1852.  On average flowering times  
have advanced by 7 days since Thoreau's time.  

Non-native species appear to have adapted to these shifts more 
readily than natives 



Human Responses to Global Warming 

• MiCgaCon	  
–  Addresses	  causes	  of	  global	  warming	  

–  Focus	  on	  reducing	  greenhouse	  gas	  
emissions	  	  

• AdaptaCon	  
–  Addresses	  impacts	  of	  global	  warming	  
polluCon	  on	  people	  and	  ecosystems	  	  

–  Focus	  on	  safeguards	  or	  coping	  strategies	  



Adaptation – What Is It? 

•  Resilience	  and	  Resistance	  
•  AnCcipatory	  and	  ReacCve	  Measures	  

•  Human	  and	  Natural	  Systems	  

•  FacilitaCng	  Change,	  Embracing	  
Uncertainty	  

Initiatives and measures designed to 
reduce the vulnerability of  natural 
and human systems against actual 
or expected climate changes 



“I skate to where the puck is going to be, 
not where it has been.” 

    --- Wayne Gretsky 

Adaptation Planning 



Coastal Adaptation 
•  Protect	  and	  restore	  marshes	  and	  other	  coastal	  
habitats	  

•  Preserve	  the	  ability	  of	  habitats	  to	  migrate	  inland	  as	  
sea	  levels	  rise	  (e.g.,	  use	  of	  rolling	  easements)	  

•  Facilitate	  replenishment	  of	  sediments	  in	  coastal	  
wetlands	  and	  beaches	  

•  Use	  ecosystem-‐based	  management	  to	  improve	  
coastal	  resilience	  

•  Eliminate	  public	  subsidies	  for	  development	  in	  high	  
risk	  coastal	  zones	  



Adaptation Planning Cycle 



“Climate-Smart” Conservation 
•  Science	  and	  pracCce	  of	  adaptaCon	  sCll	  in	  early	  
stages	  of	  development	  

•  EssenCal	  to	  be	  able	  to	  answer	  :	  	  
–  What	  should	  we	  be	  doing	  differently?	  

–  What	  conCnues	  to	  make	  sense?	  

•  Need	  to	  guard	  against	  relabeling/jusCfying	  all	  
exisCng	  projects	  as	  adaptaCon	  
–  Must	  go	  through	  climate-‐specific	  analyses	  

•  Vulnerability	  assessments	  key	  to	  determining	  
what	  is	  “climate-‐smart”	  



What is Vulnerability? 
The	  likelihood	  that	  
climate-‐induced	  shi`s	  
will	  have	  an	  adverse	  
impact	  on	  a	  given	  
species,	  habitat,	  or	  
ecosystem.	  	   Louisiana coastal wetland, Photo NRCS 

American pika, Photo Alan Wilson 



Why Carry Out  
Vulnerability Assessments? 

•  IdenCfy	  species	  and	  systems	  most	  in	  need	  of	  
conservaCon	  acCons	  due	  to	  climate	  change	  

•  Develop	  adaptaCon	  strategies	  tailored	  for	  managing	  
species	  and	  habitats	  in	  greatest	  need	  

•  Foster	  collaboraCon	  by	  providing	  a	  shared	  
understanding	  of	  impacts	  and	  management	  opCons	  

•  Efficient	  allocaCon	  of	  scarce	  resources	  for	  wildlife	  
adaptaCon	  



Guidance on  
Vulnerability Assessment 

Experts Working Group 



Experts Workgroup Members 

•  Naomi	  Edelson	  (NWF)	  -‐-‐	  chair	  

•  Nancy	  Green	  (FWS)	  –	  co-‐chair	  

•  Pacy	  Glick	  (NWF)	  -‐-‐	  editor	  

•  Bruce	  Stein	  (NWF)	  	  -‐-‐	  co-‐editor	  
•  Rocky	  Beach	  (Wash	  Fish	  &	  Game)	  

•  Arpita	  Choudhury	  (AFWA)	  

•  Molly	  Cross	  (WCS)	  

•  Carolyn	  Enquist	  (TNC)	  

•  Deborah	  Finch	  (USFS)	  
•  Hector	  Galbraith	  (Manomet)	  

•  Evan	  Girvetz	  (TNC)	  

•  John	  Gross	  (NPS)	  

•  Katherine	  Hayhoe	  (TX	  Tech)	  

•  Jennie	  Hoffman	  (EcoAdapt)	  

•  Doug	  Inkley	  (NWF)	  

•  Bruce	  Jones	  (USGS)	  
•  Linda	  Joyce	  (USFS)	  

•  Josh	  Lawler	  (Univ	  Wash)	  

•  Dennis	  Ojima	  (Heinz	  Center)	  

•  John	  O’Leary	  (Mass	  Fish	  &	  
Wildlife)	  

•  Bruce	  Young	  (NatureServe)	  



Components of Vulnerability 

• SensiCvity	  

• Exposure	  

• Capacity	  to	  Adapt	  



Sensitivity 
• Measure	  of	  whether	  
and	  how	  a	  species	  or	  
system	  is	  likely	  to	  be	  
affected	  by	  a	  given	  
change	  in	  climate.	  	  
–  For	  sunburn,	  amount	  of	  
melanin	  in	  skin	  is	  key	  
physiological	  factor	  

–  Melanin	  absorbs	  UV	  rays,	  
which	  cause	  sunburn	  

–  Skin	  with	  lower	  melanin	  
levels	  is	  more	  sensiCve	  to	  
sunburn	  



Exposure 
• Measure	  of	  how	  much	  
of	  a	  change	  in	  climate	  
or	  other	  environmental	  
factor	  a	  species	  or	  
system	  is	  likely	  to	  
experience	  	  
–  For	  sunburn,	  the	  amount	  of	  
UV	  rays	  determines	  exposure	  

–  Strength	  of	  rays	  depends	  on	  
laCtude,	  season	  &	  weather	  

–  With	  enough	  exposure,	  most	  
anybody	  can	  burn	  



Adaptive Capacity 
•  Ability	  to	  accommodate	  or	  
cope	  with	  climate	  change	  
impacts	  with	  minimal	  
disrupCon.	  	  
–  Can	  be	  intrinsic	  (reduce	  
sensiCvity)	  or	  extrinsic	  (reduce	  
exposure)	  

–  For	  sunburn,	  extrinsic	  	  
adaptaCons	  includes	  sunblock,	  
protecCve	  clothes,	  shelter	  	  	  

–  Intrinsic	  	  adaptaCons	  include	  UV-‐
induced	  increase	  in	  melanin	  
producCon	  	  (i.e.,	  tanning	  )	  



Vulnerability Assessment Framework 

Exposure	   Sensi-vity	  

Poten-al	  

	  Impact	  
Adap-ve	  	  

Capacity	  

Vulnerability	  



Assessing Sensitivity 
Focus on Intrinsic Factors 

•  Specialized	  habitat	  or	  microhabitat	  
requirements	  

•  Narrow	  environmental	  tolerances	  
or	  physiological	  thresholds	  

•  Dependence	  on	  specific	  
environmental	  triggers	  

•  Dependence	  on	  interacCons	  with	  
other	  species	  

•  Poor	  dispersal	  ability	  



Assessing Exposure 
Focus on Extrinsic Factors 

•  Climate	  models	  	  
–  shi`s	  in	  temperature,	  
precipitaCon	  

–  Increasing	  availability	  of	  finer	  
scale	  data	  (e.g.,	  downscaling)	  

•  Ecological	  response	  models	  
–  Climate	  related	  vegetaCon	  shi`s	  

–  Landscape	  impediments	  to	  
dispersal	  

Downscaled 
climate data 

Landscape integrity 



Overarching Considerations  for 
Vulnerability Assessment 

•  User	  needs,	  decision	  processes	  
•  ConservaCon	  targets	  

–  Species,	  habitats,	  ecosystem,	  ecosystem	  service	  

•  SpaCal	  scale,	  level	  of	  specificity	  required	  
•  Available	  data	  and	  experCse	  
•  Levels	  of	  confidence/uncertainty	  
•  Cost	  and	  Cme	  available	  

Various approaches available:  
No one-size fits all 



Major Approaches 
•  Expert	  opinion	  	  

–  usually	  based	  on	  literature,	  exisCng	  data	  products,	  prior	  
knowledge	  

–  o`en	  use	  delphi-‐type	  processes	  
–  can	  be	  relaCvely	  rapid;	  o`en	  has	  broad	  stakeholder	  
engagement	  

• Model-‐based	  
–  computaConally	  and	  data	  intensive	  
–  o`en	  use	  climate	  envelope-‐type	  models	  or	  other	  
ecological	  response	  models	  

–  o`en	  produces	  spaCally	  explicit	  outputs	  
–  can	  require	  substanCal	  experCse,	  Cme,	  and	  cost	  



Addressing Confidence 

•  Three	  types	  of	  uncertainty	  
–  Climate	  predicCons	  

–  Ecological	  responses	  
– Management	  effecCveness	  

•  Uncertainty	  is	  common	  in	  many	  things	  
– O`enCmes	  too	  much	  focus	  on	  uncertainty	  

– Need	  to	  disCnguish	  between	  direcConality	  and	  
magnitude	  of	  change	  



Managing Under Uncertainty 

From Peterson et al. 2003 



Adaptive Management   

Adaptation 



Key Steps for Assessing 
Vulnerability 

•  Determine	  objecCves	  and	  scope	  

•  Gather	  relevant	  data	  and	  experCse	  

•  Assess	  components	  of	  vulnerability	  

•  Apply	  assessment	  in	  adaptaCon	  planning	  



Guess Who’s Coming to Dinner? 

•  TradiConal	  conservaCon	  
focus	  on	  maintaining/	  
restoring	  to	  historical	  
condiCon	  

•  Tendency	  to	  focus	  on	  what	  
sites	  will	  lose	  in	  the	  face	  of	  
climate	  change	  

• Will	  be	  important	  to	  look	  
towards	  what	  ecological	  
value	  site	  may	  have	  in	  future	  




